Since pre-Hispanic times, copal (Bursera bipinnata resin) has been used for different purposes, from medical to ritual or religious, which promoted its transportation from what is now the state of Guerrero to Morelos, Puebla, and Mexico City, as has been verified by ethnographic studies.
208 208 leaves ( Figure 1 ). As the substance hardens, it takes the form of its container, resulting in bars of white copal. This is the most common form in which this type of resin has been transported since pre-Hispanic times as a tribute from the provinces of Tlachco and Tepecuacuilco, in what is now the State of Guerrero, to Tenochtitlan, now the center of Mexico City. In pre-Hispanic times, every 80 days 8000 packages of wild copal wrapped in maize leaves and 400 baskets of white copal in bars were tribute (Matrícula de Tributos, 1991, fs. 16r-17r; Berdan and Rieff, 1992, fs. 38r-39r) ; even in some places today, copal is still packed in this way (Figure 2 ).
Study material and methodology

Formal groups of objects of copal
The formal classification of the archaeological collection of copal is based on the macroscopic and microscopic analysis of over 300 elements of copal found in 61 offerings. These analyses included the detailed description of each object and its graphic recording (drawing) and photographic recording (Appendix 4 in Victoria-Lona, 2004) .
In addition, physical analysis was made, such as: humidity measurement to record how it affects materials, application of hydrochloric acid (HCl) to detect the presence or absence of stucco (CaCO 3 ), application of alcohol (copal recovers its properties by rehydrating with a mixture of alcohol -water, 2:1), and exposure to fire to corroborate that it is authentic resin. For this analysis, objects in different stages of conservation were selected from each formal group.
The conservation status refers to the percentage of the preserved object (90 % to 100 % means the object is in good condition, while 20 % represents a poor state of conservation), and the quality of the materials that it contains (stucco compactly adhered to the surface of copal shows a good state of preservation, while stucco that is crumbly or has broken off from the copal represents poor conservation).
Thus, the copal collection has been classified into
Introduction
Copal is an immature recent resin, unlike the fossilized, hardened resin that is known as amber (Anderson and Crelling, 1995) . It is a name that refers to tree resin used as an aromatic resin by the pre-Columbian Mesoamerican cultures as incense that is burned ceremonially and used for other purposes (Stross, 1997; Ryan et al., 2003) . Copal (in Nahuatl: copalli) is obtained from the Bursera tree. In pre-Hispanic times it was known as copalcuáhuitl, or copal tree, and its resin was called "copalli" (incense) (Hernández, 1959; Cruz, 1964; Martínez-Cortés, 1974; Díaz del Castillo, 2000; Sahagún, 2000; Montemayor, 2007) .
Copal is one of the vegetal resins that has been used most frequently in ceremonial contexts in Mesoamerica since pre-Hispanic times. Apart from that, it was also used for its medicinal properties (Hernández, 1959; Strucker, 1963; Coggins and Ladd, 1992; Bork et al., 1996; Flores and Ricalde, 1996; Sahagún, 2000) . Characteristic of the copal is its peculiar odor and its white smoke while burning, which is believed to facilitate the communication between humans and the deities that govern the earthly order Rieff, 1992, 1997; Sahagún, 2000) .
The present analysis is part of an interdisciplinary investigation (Victoria-Lona, 2004 ) that was one of the first to propose the systematization of the archaeological research of copal. It is based on copal that was found in different mexica contexts of the Templo Mayor archaeological zone, where the Great Temple of Tenochtitlan (Late Post-classical period: 1325 -1521 AD) is located (Matos-Moctezuma, 1981; López-Luján, 1993; López-Austin and López-Luján, 2002) . In order to understand the ancient role of the copal, it was also important to consider its modern production by interlocking archaeological, historical, botanical and ethnographic aspects, including physical, chemical and radiological analyses, such as Computerized Axial Tomography. This analytical technique is more commonly known by its abbreviated names, CT scan or CAT scan (Smith-Bindman et al., 2009) .
Two presentations of copal exist from the same tree (Bursera bipinnata) for Mesoamerican area (Rzedowski, 1978; Rzedowski and Guevara-Féfer, 1992; Rzedowski and Calderón de Rzedowski, 1996) , the main difference being in the way it is obtained, as well as in its external appearance: gum, stone or wild copal and santa ("saint"), white or penca (leaf of aloe) copal. According to historical sources and ethnographic study, the names date from preHispanic times and are due to its exterior look. The first one exudates naturally on the surface of the trunk in the form of little, mostly grayish drops. A curved knife is used to scratch the surface of the trunk and branches, separating the fragments of fresh copal with a gumlike consistency that look like small stones.
White copal is obtained by making diagonal cuts in the trunk or branches provoking the emanation of the semiliquid milky sap of the tree, which accumulates in agave Figure 1 . Obtaining copal resin. Extraction of white copal: an incision (a) is made with a curved knife (b); the tree exudes resin (c), which is directed by an oak leaf (d), and is deposited in a larger aloe leaf (e). As soon as the resin hardens, the bar of copal is extracted and is transported to be sold.
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209 six formal groups: bars, spheres, conglomerates, bases of sacrificial knives, anthropomorphic figurines, and miscellaneous fragments, all recovered from the Great Temple of Tenochtitlan and adjacent buildings.
As part of the macroscopic analysis, the manufacturing process was established based on a detailed description, chemical analysis and analysis of the deterioration process of every object in the archaeological collection under consideration. Study of the material in different stages of deterioration was helpful in reconstruction of the manufacturing process, including surface as well as interior features, in order for the hypothesis to be tested.
Understanding the deterioration process allowed us to establish the different stages of of the manufacturing process. Macroscopic analysis was complemented by analyses of radiological type that corroborated some of the hypotheses developed as a result of the first stage of the study.
Once the macroscopic analysis was completed and the formal groups established, representative pieces from each formal group were chosen to be studied by CAT to corroborate the hypotheses related to the prime material by comparing densities, as well as the different stages of the manufacturing process (Table 1) .
Physical principle of Computerized Axial Tomography (CAT)
Computerized Axial Tomography is a method of sectional imaging that shows the structures in axial or transverse plane, without overlapping, taking into account the density of the materials in a system of units called Hounsfield units (Figure 3 ). The analysis of the density of human organs generates basic information with values that identify water, muscles and organs, calcium and bone, fat, and air (Harwood-Nash, 1979; Lee et al., 1983) . Eight pre-Hispanic copal objects were chosen as representatives of each formal group: two of 40 spheres, one of seven conglomerates, and five of 80 anthropomorphic figurines. Bars were not taken into account because the ethnographic work shows its origin, nor were the bases of sacrificial knives because the material and manufacturing process were clearly demonstrated with the macroscopic analysis thanks to the different states of preservation; the material classified as miscellaneous was also left out (Table 2) .
Some density data was taken from human studies, such as air and calcium, which have a base composition similar to the stucco (calcium carbonate (CaCO 3 ) present in the copal anthropomorphic figurines. To establish a reliable comparison, it was necessary to record the density of modern copal, so it could be contrasted with the value of pre-Hispanic material. The density of known incense was included. This incense is burned for its aromatic effect and has a synthetic origin, unlike the copal that is a vegetal resin (Figure 4) . Some materials were identified in the interior of the pieces of copal. The same procedure used for humans was applied to the archaeological material. The piece was placed on the table that slides towards the gantry in order to take the images, to measure densities, and to generate threedimensional images.
To be able to work the resin in all its presentations, heat is necessary to smooth and shape it like clay. Different evidence indicates the application of direct and indirect heat on the vegetal material, such as crystallized areas and stains on one hand, and fingerprints from shaping the resin or warming the resin in pots on the other. This latter procedure is suggested by Fray Bernardino de Sahagún (2000) , who described how copal and other substances like the chapopotli (tar) and the ulli (rubber), were crumbled to melt them in pots that were placed on embers in order to make medicinal ointments or a kind of cream. It is probable that the copal resin was warmed in the same way to manufacture objects.
Results
Bars of white copal
The ethnographic study of copal helped significantly to understand the manufacture of the bars and "tears" because, as previously mentioned, the fresh resin takes the shape of the agave leaf which is used like a mold and the consequent marks are visible on the surface.
Spheres and conglomerates of gum and white copal
These objects are asymmetric but with a clear general shape, showing small visible depressions possibly caused by finger pressure, and in other cases resulting from smoothing or polishing.
The process of manufacture starts by joining fragments of the resin in order to make a spherical nucleus. Concentric layers are added until the desired form and size is obtained, leaving spaces between every layer and the fragments of copal adhered, as seen in the radiological analysis ( Figure 5) .
The external layer of the object was smoothed or polished, and subjected to heat in order to enhance the adhesive properties of the resin and to assure the consolidation of the piece.
Bases of sacrificial knives of gum and white copal
The principle is similar to that of the spheres and conglomerates, the difference being that the fragments of copal do not stick to a nucleus of resin, but to the proximal section of the knife starting with the flat faces, and later, the Figure 4 . CAT applied to archaeological copal. Analysis of the archaeological pieces with CT.
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Anthropomorphic figurines of white copal
The process of manufacture of anthropomorphic figurines was established on the basis of the analysis of 80 pieces from this group, composed of 19 female figurines, 53 male figurines and eight of indeterminate genre as a result of poor conservation.
A nucleus of copal is evident, with specific facial and corporal characteristics, made by joining fragments of resin in a mold until it is filled. The nucleus is then covered with a layer of stucco, using a double mold where the representation of facial and corporal features is evident, such as apparel.
Finally the figurines are decorated by pigments and garments made of paper, and occasionally complementary elements such as flags (Figure 6 ).
Discussion
Copal is a resin that has been used since pre-Hispanic times, with both curative and religious uses, which was burned and buried in diverse forms. There are two types of copal produced by the same tree: gum, stone or wild copal and the "saint" (santa), white or penca (leaf of agave) copal. These two kinds of archaeological copal were found in the Great Temple (Templo Mayor archaeological zone) and are both observed in massive forms and in small leaves or flakes.
The archaeological collection (of over 300 elements of copal found in 61 offerings) has been classified in six formal groups: bars, spheres, conglomerates, bases of sacrificial knives, anthropomorphic figurines, and miscellaneous fragments.
The manufacturing process was established based on a detailed description of every object. For the successful manufacture of copal objects, it was necessary to soften the resin, thus the application of heat is an essential part of the process.
At the moment when the material is obtained, the fresh 
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resin takes the shape of the agave leaf used like a mold and the consequent marks are visible on the surface creating the bars of copal; but sometimes the resin spills, and the drops are called lágrimas (tears). Resin fragments were commonly adhered together to obtain the desired forms, and surface was smoothed to give the appearance of a single unit, such as for the spheres, conglomerates and bases of sacrificial knives.
The figurines were elaborated by shaping a nucleus of copal with stucco covering, across which the decoration was placed.
The process of deterioration is useful in reconstructing the manufacturing process of the copal objects; the first stage of the study consisted of macroscopical and microscopical observations. These were complemented with CAT, which is a noninvasive technique. It analyzes the objects in different thin layers, identifying their densities. These densities can be classified according to a table of comparison, which was first established from the macroscopical observations and the analysis of physical types, and second, from all the chemical types of the representative samples of the copal study collection.
The complement of both analyses allowed us to establish the manufacturing process and the materials of which the copal objects were made. Although the copal was the predominant material, stucco (ground limestone), small stones, straw, paper, pigments, and other materials, were used as well. The most important contribution is that all this was possible without destroying the archaeological material (Figure 7) .
Conclusions
The macroscopic analysis of more than 300 objects made of copal provides an important base to propose and to corroborate the manufacture hypothesis.
The use of analytic tools of different disciplines, such as the invaluable contribution of Computerized Axial Tomography, allowed us to corroborate the macroscopic observations, thus providing more information about the technical process of manufacture, such as the materials used in the manufacture of the objects without destroying the archaeological pieces, because it is a non-invasive and very exact tool.
